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(54) Abstract Title 

Heating and air conditioning system for a vehicle having a heat pump mode 


(57) A heating and cooling system for a vehicle has a first 
coolant loop 62 coupled to an engine 64, a heater core 44, 
a first coolant/refrigerant heat exchanger 67 and a 
three-way valve 65 able to direct coolant flow through 
either the heater core 44 or the first coolant/refrigerant 
heat exchanger 67. A second coolant loop 61 has a pump 
92 for circulating the coolant through a second 
coolant/refrigerant heat exchanger 70 and the heater core 
44. The system also has a refrigerant loop 60 which has a 
compressor 72, a three-way valve 74 able to direct 
refrigerant flow to either a condenser 76 or to the second 
coolant/refrigerant heat exchanger 70, a refrigerant 
passage for directing the refrigerant flow through an 
evaporator 38 and a line for returning the refrigerant to 
the compressor 72. Three modes operate; a heat pump, air 
conditioning and conventional heating. In the heat pump 
mode, heat is transferred from the refrigerant loop 60 to 
the heater core 44 via the second coolant loop 61. A pump 
92 operates to circulate the coolant around the second 
coolant loop 61, heat is transferred at the second 
coolant/refrigerant heat exchanger 70 which replaces the 
condenser 76 in the refrigerant loop 60. The coolant then 
passes through the heater core 44 which heats the 
passenger compartment. 
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DUAL LOOP HEAT AND AIR CONDITIONING SYSTEM 

The present invention relates to heating, ventilation and 
air conditioning systems for vehicles, and in particular 
to such systems having dual modes for providing heat to a 
passenger compartments of the vehicles. 

In a conventional automotive vehicle employing an 
internal combustion engine, the heating of the passenger 
compartment is accomplished by running engine coolant, 
typically a mix of water and glycol (antifreeze) , through 
a heater core in the passenger compartment, and then 
blowing air over the heater core and onto the passengers. 
The drawback with this is that the heater core will not 
provide heat until the engine has caused the coolant to 
warm up. For most conventional engines, this time to 
warm up the coolant is sufficiently short to satisfy the 
vehicle passengers. 

Now, however, newer engines and powertrain arrangements 
are being developed where the engine does not produce as 
much excess heat for the coolant to absorb. Some 
examples are a direct injection engine and a hybrid 
(engine/motor) powertrain. For these types of 

powertrains, the temperature of the coolant can take a 
very long time zo rise to a level where it will allow for 
adequate heating of the passenger compartment when using 
a conventional heating system. 

Most automotive vehicles today also include an air 
conditioning system for cooling the air in the passenger 
compartment. The air conditioning system can begin to 
operate almost as soon as the vehicle is started. Some, 
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then, have recognized that the components of the arr 
conditioning system can be employed to operate in a heat 
pump mode, and so the conventional coolant based heacmg 
system is replace with heat from the heat pump operation. 
5 But these systems become less and less efficient for 
heating as the anient air temperature becomes colder^ 
Consequently, they have not proven efficient enough to 
pro vide an adequate heating function to replace 
current type of heating system. 

10 T hus, it is desirable to have a vehicle heating and 
cooling system that overcomes the drawback - °i 
conventional vehicle heating, and heat pump ^ ^ 
ord er to warm a vehicle passenger compartment more 

15 quickly. 

In its embodiments, the present invention contemplates a 

a ting and cooling system for a vehide ^J ^Z 

4_ heatmq ana cooxiiiy 

and a passenger compartment. The heating 

20 "stem includes a first coolant loop having a coolant 
Tutlet line and a coolant inlet line adapted to couple to 
h «-= r core a first heat exchanger, and a 
the eng.ne ^ ^ directing £low of a coolant 
coolant vaive tor select y ^ ^ 

from the coolant outlet line 

r .up heater core and tne t 11 ^ 

qplectively circulating tne 
r^VZt^Lr.rigera. ~— ^ 

heater core, and bac* « with an inlet and an 

30 refrigerant loop .vin^ ^ selec , ively 

outlet, a . , ^ rn^^essor 

directi ng the flew of a refrigerant from ^ the com,- ^ 
outlet to one of a condenser and tne - 
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coolant/refrigerant heat exchanger, a refrigerant passage 
for directing the flow of the refrigerant through an 
evaporator, and a refrigerant line for returning the 
refrigerant to the compressor inlet. 

The present invention further contemplates a method of 
providing heating and cooling to a passenger compartment 
of a vehicle having an engine, the method comprising the 
steps of: selectively circulating a coolant from the 
10 engine, through one of a heater core located in tne 
passenger compartment and a first coolant /refrigerant 
heat exchanger, and back to the engine; selectively 
circulating the coolant from a pump, through a second 
ooolant/refrigerant heat exchanger, and back to the pump; 
15 selectively circulating a refrigerant from a compressor 
and back to the compressor through one of a first 
refrigerant path, having a condenser, and evaporator, and 
an expansion valve between the condenser and the 
evaporator, and a second refrigerant path, having the 
20 second coolant/refrigerant heat exchanger, the first 
coolant/refrigerant heat exchanger, and the expansion 
valve between the second coolant /refrigerant heat 
exchanger and the first coolant /refrigerant heat 
exchanger . 
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An advantage of the present invention is that the vehicle 
heating and cooling system can operate in a conventional 
air conditioning mode, with cooling efficiencies 
essentially as good as with a conventional air 
conditioning system, and yet still operate in a heat pump 
mode to provide supplemental heating wnen the 
conventional heating system is not up to an efficient 
operating temperature. 
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mother advantage of the present invention „ tha - 
th e heat pu™p mode of operation, the coolant absorbs heat 
from the refrigerant in the heat pump system which xs 
m ore efficient than ahsorhing heat fro. the anient a.r. 

A further advantage of the present invention is that the 
L ting and cooling system can operate in an three .ode 
with a mining of heat exchangers, ^ves and ot e 
svscen, cedents, thus minrmrzmg the cost 


system. 
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Th e invention -ill now he described, by way of example 
only, with reference to the following Figures in whrch, 

Fiq x is a schematic diagram of a portion of a 
heating and cooling system that is located J> a 
passenger compartment of a vehicle, m accordance 
,,-it-H the present invention; 

Pig TJ a schematic diagram of the vehicle heatrng 
J d cooling system, illustrating the direct , 
£luid flow during a cooling cycle, rn accordanc- 
the present invention; and 

FiQ % is a schematic diagram similar to Frg 2 bu 
iUustrafing the direction of fluid flow curing a 
heat pump cycle. 

„. 1 3 illu=trate a vehicle heating and cooling system 
Fig s^l-3 ^ lQCaced behind an instrument panel 

20 that is p.r^aliy car ;ially 
22 ln a vehicle passenger compartment 2*. an ^ 
in a vehicle engine compartment 26 ^ 
includes a blower 30, driven by a motor 29, an 
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in an air passage 31 in the passenger compartment 24. 
The blower 30 is located adjacent to an external air 
inlet 32, an internal air inlet 34, and an air mixing 
damper 36 that can be moved to partially or fully block 
5 off the external air inlet 32 or the internal air inlet 
34 from the air passage 31. 

Also located in the air passage 31, near the blower 30, 
is an evaporator 38. The evaporator 38 includes a pair 
10 of refrigerant lines 40 and 42 for directing refrigerant 
into and out of the it. The refrigerant in the lines 40, 
42 may be any type of refrigerant found in air 
conditioning or refrigeration systems, such as, for 
example, R134a. A heater core 44 is located in the air 
15 passage 31, as well as a second air mixing damper 46, 
which can be moved to allow air flow through the heater 
core 44, block air flow from the heater' core 44, or allow 
for a partial flow. An engine coolant intake line 43 and 
an engine coolant outlet line 45 connect to the heater 
20 core 44. The engine coolant in these lines 43, 45 may be 
any type of coolant found in engine cooling systems, such 
as, for example, a mixture of water and glycol. The 
heater core 44, then, is an air/coolant heat exchanger. 

25 The air passage 31 also includes three air outlets 48, 50 
and 52, with three corresponding dampers 54, 56 and 58 
that can be adjusted to vary the flow through each of the 
air outlets 48, 50, 52. These air outlets may be, for 
example, an outlet 4 8 directed toward a vehicle 

30 windshield (not shown) for defrosting, an outlet 50 
directed toward the bodies of vehicle occupants (not 
shown) , and an outlet 52 directed toward the feet of 
vehicle occupants. 
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■ cooling system 20 includes three main 

The heating and cooling y coolant 

^ erp i3 £ refrigerant loop 60, a txrsc 
loops - there is - y coolant 

n «n 62 and a second coolant loop 61. The txrs 
loop 62, and a ^ ^ an engine 

loop 62 induces .n outlet ±xn 

^ Indira to a coolant three-way valve 
64 ^ lead r. 65 also connects to the coolant intake 
three :;i;t;I h Iter core 44, and to an intake line 66 
11116 " n " s in a first coolant /refrigerant heat 

" h C °n°" 6 T- coolant outlet line 45 from the heater 
exchanger b /.. j-- ir , 1vp 94, which 

-o a coolant three-way valve 
core 44 con.ec .0 ^ iet 68 the heat 

th en connects to a ^ ^ ^ ^ 

exchanger 67 ~ ^ ^ ccclan , 

inlet lme 69 ru-nxng conventional 

^ t-h^ouqv the coolant loop 62 with a c 

is pumped tnroug- conventional 

f-or shown) , which is part or 

water pump Uot =nown, , nr i ud inq a radiator, 

, np CO oi-a svstem (not shown) including 
engine cooi — .y ~- 


20 


fan, etc 

second ccolant loop 


61 includes a second 


The second ccoxano r connects to a 

— line4 a 9 : " hl h h ; second heat exchanger 70 also 
intake lme ^ „ The oche r end cf the 


pump 
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^ to a coolant line 71. The ocnex — 
connects to a of & wate 

coolant «~ « ~ TIZ Z* « -nneots a ccolant 

r «H. - u- « - ---- 

' water pump ,2 can be electrics^ o 

^ 'oc,e«d, and only needs to operate wr.en the 

mechanically pc.-e.e heat as 
hea t<no and cooling system 20 is in 

l" „-.~=.-a in more detail below, 
will be discs.— 


The refrigerant loop 60 includes a compressor 72. . The 
compressor 72 may be any one of several different types 
(for example, piston, swash plate, scroll) , it may be 
driven by the engine 64 or by a separate motor, and it 
may have a clutch to disconnect it from the engine or 
motor or it may be a variable capacity type, as may be 
desired depending upon t'he particular vehicle and engine. 
The compressor 72 connects to a compressor outlet line 73 
which leads to a first refrigerant three-way valve 74. 
The three-way valve 74 also connects to a condenser inlet 
line 75 that leads to a condenser 76, and to a 
refrigerant line 77 that leads to refrigerant tubes in 
the second coolant/refrigerant heat exchanger 70. The 
second coolant /refrigerant heat exchanger 70 also 
connects to a refrigerant outlet line 87, which connects 
to a refrigerant three-way valve 95. The three-way valve 
95 also connects to the inlet of a receiver/drier 79 via 
refrigerant line 99. The condenser connects zo a 
refrigerant outlet line 78, which connects to three-way 
valve 95. The receiver/drier 79 connects to an expansion 
valve 80, via a refrigerant line 81, and the expansion 
valve 80, in turn, connects to a second refrigerant 
three-way valve 83, via refrigerant line 82. The second 
three-way valve 83 can direct refrigerant to the 
evaporator 38, via refrigerant line 40, or to the rirst 
coolant /refrigerant heat exchanger 67, via refrigerant 
line 59. Refrigerant line 91 connects the outlet of the 
first coolant/refrigerant heat exchanger 67 to a -hree- 
way valve 96. Three-way valve 96 connects to the inlet 
to the compressor 72 via refrigerant line 84. The 
refrigerant line 42 also connects the outlet frcr. the 
evaporator 38 to the three-way valve 96. 
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The operation of the first embodiment, illustrated m 
Figs 1-3, will now be discussed. There are three 
different .odes of operation for the heating and cooling 
system 20. The first mode is the oooling (air 

conditioning) mode. The flow of the refrigerant and the 
coolant for this mode is illustrated by the arrows in 


Fig . 2 . 


The refrigerant is compressed by the compressor 72 and 
0 flows into the first refrigerant three-way valve 74, 
whioh directs it into the oondenser 76 via condenser 
inlet line 75. The three-way valve 74 is closed to line 
77 The action of the compressor 72 in compressing the 
refrigerant causes the refrigerant temperature tonse 
L5 ^ient air flowing through the condenser 7S 
heat from the refrigerant. The refrigerant 
flow trough the condenser outlet line 78, through three- 
way valve 95, and through the receiver/drier 79 The 
refrigerant then flows, via refrigerant line 81. -.o the 

on valve 80 The expansion valve 80 will regulate 
20 expansion valve 5c. xne * 

the pressure of the refrigerant, and thus, 

~ * „ of _ he refrigerant leaving the expansion 
temperature or uhe rerny 

valve 80. This refrigerant will pass through outlet line 

- r riflP «n t three-way valve 83, through 
82, the secona refrigerant three way 

2 5 the refrigerant line 40 and into the evaporator 38. Th 

Una ^-y - » win be r r « - .e™- 

line 59 The blower 30 forces air across Che 

S which wi!l absorb heat fro* the air before to. -r 
38, wnicr. refrigerant 
flows into the passenger compartment 24. The 9 

n flow out o^ the evaporator 38, via refrigerant lines 
3 0 will flow out o_ une v Tb . e e-way 
42 and 84. and bacK to the co m pres S or 2 Th. y 
valvE 96 wiil bloc* refrigerant fiow xnto 1- 91. 
.he cooling .ode. the system 20 operates essentr.-V 
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same as with a conventional vehicle air conditioning 
system. 

In the first mode of operation, the engine coolant in the 
5 first coolant loop 62 flows from the engine 64, through 
the outlet line 63, through the coolant three-way valve 
65, through coolant intake line 43 and into the heater 
core 44. The coolant three-way valve 65 is closed to 
line 66. While the blower 30 will create air flow within 
10 the air passage 31, the damper 46 is closed and so the 
air entering the passenger compartment 24 will not pass 
over the heater core 44. Thus, the coolant will have 
only a vary negligible effect on the temperature of the 
air flowing into the passenger compartment 24 . From the 
15 heater core 44, the coolant flows through coolant outlet 
line 45, through three-way valve 94, through a portion of 
coolant line 68, through coolant engine inlet line 69, 
and back to the engine. The coolant flow within the 
engine 64 and radiator (not shown) will not be discussed 
20 since it is conventional. In the second coolant loop SI, 
the water pump 92 is preferably off, and so no coolant 
will flow. 

The second mode of operation is the heat pump mode. The 
25 direction of flow of refrigerant and coolant for this 
mode is illustrated in Fig. 3. This mode is employed 
when the engine and coolant is still cool, but the 
passenger compartment 2 4 needs to be warmed. In this 
mode, the refrigerant flows through the compressor 72, 
30 where it is compressed, and to three-way valve 74 via 
compressor cutlet line 73. The three-way valve 74 
directs the refrigerant into refrigerant line 77, and 
blocks the flow into condenser inlet line 75. The 
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compressed refrigerant then flows into the second 
coolant/refrigerant heat exchanger 70. The refrigerant, 
being at a higher temperature than the coolant in the 
second coolant loop 61. will transfer heat to the 
coolant. The second coolant/refrigerant heat exchanger 
70 in effect, acts as a condenser. The refrigerant then 
flows through three-way valve 95. through the 
receiver/drier 79 and the expansion valve 80 before rt 
passes through the second refrigerant three-way valve 83 
The three-way valve 95 is closed to line 78. The second 
three-way valve 83 directs the refrigerant into the first 
coolant/refrigerant heat exchanger 67, but blocks the 
flow to the evaporator 38. Since the refrigerant «11 
now generally be at a lower temperature than the coolant 
in the first coolant loop 62, it will absorb heat before 
leaving the first coolant /refrigerant heat exchanger 67, 
flowing through three-way valve 96, and back to the 
compressor 72. The three-way valve 96 is closed to line 


20 


42 


30 


In this heat pump mode of operation, the coolant flows in 
the first coolant loop 62 from the engine 64, through the 
coolant outlet line 63 and into the coolant three-way 
valve 65. The three-way valve 65 direct, the tiow of 
coolant into heat exchanger intake line 66, but 
from flowing into coolant intate line 43. The coolant 
then flows through the coolant/ref rrgerant heat excnanger 
As mentioned ahove, as the coolant flows tnrough 
this heat exchanger it will give off heat to th 
refrigerant. The coolant then flows through 
6S, through the coolant line 69 and bacx to the en =1 ne. 


in this heat pum? mode of operation, coolant also flows 
in the second coolant loop 61. The water pump 92 is 
activated and pumps coolant through coolant line 71 and 
into the second coolant/refrigerant heat exchanger 70. 
As mentioned above, since the refrigerant is at a higher 
temperature, the coolant will absorb heat from the 
refrigerant. This coolant, now warmed, then flows 
through coolant line 49, through coolant line 43, and 
into the heater core 44 in the passenger compartment 24. 
The blower 30 forces air through the heater core 44, 
warming the air before it flows into the passenger 
compartment 24. So in this heat pump mode, the heater 
core 44 gives off the heat absorbed by the coolant from 
the refrigerant in the second coolant/refrigerant heat 
exchanger 70. 

The third mode of operation is a conventional heating 
mode This mode occurs when the coolant in the engine xs 
hot and it is desired to add heat to the passenger 
compartment 24. In this mode, the compressor 72 xs not 
operating, so the refrigerant is not flowing. Also, the 
water pump 92 is off, so the coolant in the second 
coolant loop 61 is not flowing. The coolant in the first 
coolant loop 62 flows the same as in the cooling mode, as 
discussed above. But the damper 46 is now open, so axr 
flowino through the passage 31 will pass through tne 
heater core 44 and be warmed before it enters the 
passenger compartment . 

While certain embodiments of the present invention have 
been described in detail, those familiar with the arc to 
which this invention relates will recognize various 
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alternative designs and embodiments for practicing the 
invention as defined by the following claims. 


CLAIMS 


1. A heating and cooling system for a vehicle having an 
engine and a passenger compartment, the heating and 
cooling system comprising: 

a first coolant loop having a coolant outlet line 
and a coolant inlet line adapted to couple to the engine, 
a heater core, a first heat exchanger, and a coolant 
valve for selectively directing flow of a coolant from 
the coolant outlet line to the coolant inlet line through 
one of the heater core and the first heat exchanger; 

a second coolant loop having a pump for selectively 
circulating the coolant through a rr.rst 

coolant/refrigerant heat exchanger, the heater core, and 
back to the pump ; and 

a refrigerant loop having a compressor with an inlet 
and an outlet, a first refrigerant valve for selectively 
directing the flow of a refrigerant from the compressor 
outlet to one of a condenser and the first 
coolant /refrigerant heat exchanger, a refrigerant passage 
for directing the flow of the refrigerant through an 
evaporator, and a refrigerant line for returning the 
refrigerant to the compressor inlet. 

2. A heating and cooling system according to claim 1 
wherein the first heat exchanger is a second 
coolant/refrigerant heat exchanger, and the refrigerant 
loop further includes a second refrigerant valve located 
along the refrigerant passage for selectively directing 
the flow of the refrigerant to one of the evaporator and 
the second coolanr /refrigerant heat exchanger. 

3. A heating and cooling system according to claim 2 
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further including an expansion valve for controlling the 
flow of the refrigerant between one of the condenser and 
the evaporator, and the first coolant /refrigerant heat 
exchanger and the second coolant/refrigerant heat 
exchanger . 

4. A heating and cooling system according to claim 3 
further including a receiver/drier located in the 
refrigerant loop adjacent to the expansion valve. 

5. A heating and cooling system according to any 
preceding claim further including an expansion valve for 
controlling the flow of refrigerant between one of the 
condenser and the evaporator, and the first 
coolant/refrigerant heat exchanger and the first heat 
exchanger . 

6. A heating and cooling system according to claim 5 
further including a receiver/drier located in the 
refrigerant loop adjacent to the expansion valve. 

7 . A heating and cooling system according to any 
preceding claim wherein the evaporator is adapted to be 
located in the passenger compartment. 

8 A heating and cooling system according to any 
preceding claim wherein the heater core is adapted to be 
located in the passenger compartment. 

9 A heatinc and cooling system according zo any 
precedxng claim wherein the coolant valve is a three-way 
valve . 


10. A heating and cooling system according to any 
preceding claim wherein the first refrigerant valve is a 
three-way valve. 

5 

11. A heating and cooling system for a vehicle having and 
engine and a passenger compartment, the heating and 
cooling system comprising: 

a first coolant loop having a coolant outlet line 

10 and a coolant inlet line adapted to couple to the engine, 
a heater core, a first coolant/refrigerant heat 
exchanger, and a coolant valve for selectively directing 
flow of a coolant from the coolant outlet line to the 
coolant inlet line through one of the heater core and the 

15 first coolant/refrigerant heat exchanger; 

a second coolant loop having a pump for selectively 
circulating the coolant through a second 

coolant /refrigerant heat exchanger, the heater core, and 
back to the pump; and 

2 0 a refrigerant loop having a compressor with an inlet 

and an outlet, a first refrigerant valve for selectively 
directing the flow of a refrigerant from the compressor 
outlet to one of a condenser and the second 
coolant/refrigerant heat exchanger, a second refrigerant 

25 valve for directing the flow of the refrigerant through 
one of an evaporator and the first coolant/refrigerant 
heat exchanger, and a refrigerant line for returning the 
refrigerant to the compressor inlet . 

30 12 . A heating and cooling system according to 11 further 
including an expansion valve for controlling the flow of 
refrigerant between one of the condenser and the 
evaporator, and the • second coolant /refrigerant heat 


exchanger and the first coolant /refrigerant heat 
exchanger . 
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13 A heating and cooling system according to clai 
further including a receiver/drier located in the 
refrigerant loop adjacent to the expansion valve. 

14 A heating and cooling system according to claim 13 
wherein the evaporator is adapted to be located in the 
passenger compartment. 

15 A heating and cooling system according to claim 14 
wherein the heater core is adapted to be located in the 
passenger compartment . 

16 A method of providing heating and cooling to a 
passenger compartment of a vehicle having an engine, the 
method comprising the steps of : 

selectively circulating a coolant from the engine, 
trough one of a heater core located in the passenger 
compartment and a first coolant/ref rrgerant heat 
exchanger, and back to the engine; 

selectively circulating the coolant from a pump 
through a second coolant/refrigerant heat exchanger, and 

back to the pump; 

selectively circulating a refrigerant 
compressor and back to the compressor ^jne of a 

<. ^=<-v. havina a condenser, ^nu 
f iT ._ t refriaerant path, navrng 

orator, and an expansron valve between the con enser 
, and the evaporator, and a second refrigerant pat 
the second coolant/refrigerant heat exchanger, t 
coolant/refrigerant heat exchanger, and the •*•»- 
val ve between the second coolant/ref rager-,- 
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exchanger and the first coolant /refrigerant heat 
exchanger . 

17. A method according to claim 16 further including the 
5 step of circulating the refrigerant through a 
receiver/drier prior to circulating the refrigerant 
through the expansion valve. 
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